is the predominant catecholamine in most organs and tissues which have sympathetic innervation and that it is the chemical transmitter released by the postganglionic endings of the sympathetic system. In amphibia, however, only a few investigations have been carried out. In 1946 von Euler (14) found only epinephrine in extracts of the frog heart. A few years later Gstlund (I I) reported that both epinephrine and norepinephrine exist in the frog heart, but that the predominant one is epinephrine. These latter observations have been confirmed recently by 'Falck et al. (4) and Govyrin and Leontieva (5). Aside from the initial studies by Loewi (8) using a primitive fluorescence method, no reports on the character of the catecholamine content of perfusates have appeared.
The question arises: which is the adrenergic transmitter in the frog heart, norepinephrine or epinephrine? Von Euler suggested that it is norepinephrine and he believed that epinephrine found in the heart was probably largely generated by chromafhne cells. The heart and other organs were quickly removed and blotted on gauze to remove blood. Samples ranging from 0.5 to 3.0 g in weight, measured to milligram values with a torsion balance, were minced and kept in I o % trichloroacetic acid in deep freeze until homogenization.
In the case of the hearts the whole organ was employed, except when atria and ventricle were analyzed separately, and ordinarily two or more hearts were pooled for analysis. In some experiments the snapping turtle (Chelydra serpentina) was employed.
Perfusion and sympathetic stimulution of the heart. After anesthetization both vagosympathetic trunks were dissected and cut. The heart was exposed in situ, the right arterial trunk, left carotid and pulmocutaneous arteries, and both superior caval veins were ligated, AZUMA, BINIA, AND VISSCHER (20) was used as tion with a duration of 10-15 min each were performed follows : in every experiment followed by "resting" intervals I) To o. 1-0.6 ml of eluate, previously centrifuged, during which the heart rate returned to the level before were added 2 ml of I M acetate buffer, pH 6.5, and the stimulation.
The perfusate flowing from the right aorta contents mixed in a IO-ml graduated cylinder. before and during stimulation was collected in two 2) One milliliter of a 0.025 % solution of potassium separate graduated cylinders containing IO ml of 50 % ferricyanide was added, mixed thoroughly, and allowed trichloroacetic acid until a total volume of IOO ml in to stand for exactly 3 min. each of them was completed.
The preparation of the 3) One milliliter of a mixture of 5 N NaOH plus eluates from these samples was made immediately after ascorbic acid 2 % (g and I ml, respectively), prepared completion of the experiment. immediately before use, was added and the contents Preparation of samples. The perfusates collected in trithoroughly mixed. chloroacetic acid as described above were mixed, 4) The volume was made to 5 ml with distilled water, centrifuged at 3,400 rpm for IO min to remove small amounts of protein, and immediately processed. The tissue sample was thawed at room temperature and homogenized in a glass tissue grinder submerged in an ice-water bath. The homogenate was centrifuged at 3,400 rpm for 10 min, the supernatant fluid was separated, and the precipitate was washed with a few milliliters of IO % trichloroacetic acid and centrifuged. The combined supernatant fluids were immediately processed.
Preparation of eluates. The procedure was essentially the same for tissues and perfusates. To the clear supernatant solutions were added z ml of I M sodium acetate, 0.2 M disodium ethylenediaminetetraacetic acid (3 ml to the tissue supernatant fluids, 4 ml to perfusate supernatant fluids), and 0.5 g of aluminum oxide. The mixture, with constant stirring on a magnetic stirrer, was brought to pH 5 by dropwise addition of 2 N NHdOH and then to pH 8.4 by further dropwise addition of 0.5 N NHdOH. This step took in all cases [10] [11] [12] [13] [14] [15] min, since faster neutralization produced low recoveries.
mixed and allowed to stand for 15-20 min before reading the fluorescence.
Standards. (Fig. IB) . The fluorescence peaks of the heart eluate in both parts of the figure correspond exactly in position and contour to those of the epinephrine standard.
A few estimations were made in order to compare catecholamine contents of the ventricle with those of the atrium in R. catesbeiana, but no significant difference was detected between these two parts of the heart. Characterization of substance released by sympathetic stimulation. Perfusions of the heart with Ringer solution were carried out on eight hearts for identifying the chemical transmitter released by cardiac sympathetic stimulations. The perfusate flowing from an aorta was collected separately before and during the stimulations and assayed. In one of them the same amount of norepinephrine was also found in the perfusate obtained before the stimulation.
It is doubtful that these small values of norepinephrine are significant, because they are within the lower limit of the sensitivity of the fluorimetric method used in the present investigation.
At any rate it is obvious that the main substance liberated in the perfusate by the sympathetic stimulation is not norepinephrine but epinephrine. This fact suggests that in the frog, sympathetic control of the heart is mediated by epinephrine. 
RESULTS
Catecholamines in the frog heart. Table I shows the results of IO independent estimations. In order to minimize a possible variation in catecholamine contents of the heart which might be brought about by changes in environmental temperature, frogs were kept at room temperature (18-22 C) for 24 hr before removal of their hearts. As shown in the two activation wavelengths as in Fig. I . The fluorescent peaks of the eluate correspond exactly to those of the epinephrine standard. In these experiments, effectiveness of the nerve stimulation was checked by the induced positive chronotropic effects. Increases in the heart rate caused by the stimulation were between 18 and 38 70. As may be seen in Table 2 , there was no correlation between the degree of the positive chronotropic action and the amount of the epinephrine released.
Efect of environmental temperature.
In order to observe the effect of environmental temperature on catecholamine contents of the heart, estimations were made on the following four groups of frogs. In groups 1 and 2 frogs were kept for I day at room temperature (18) (19) (20) (21) (22) C) and at a cold temperature (0.4 C), respectively. In groups 7 and 4 they were kept for I week at room and c cold temperatures, respectively. Ten independent samples were taken from each of groups I and 2 (Fig. 3A) , and eight samples from each of groups 3 and 4 (Fig. 3B) and driven with electric pulses of 3o/min and supraliminal strength for 5 hr through a pair of electrodes which were attached to the inside and outside of the ventricle.
Perfusion pressure was set so as to make the cardiac output about I ml/min. Ventricles in spontaneous arrest in Ringer solution for the same period of time were used as controls.
Six pairs of independent estimations were made and the results are shown in Fig. 4 . The averages of epinephrine contents of driven and still ventricles were I .a5 and I. I I ,ug,ig, respectively.
The difference was not statistically significant at the 5 76 level of significance. Norepinephrine was not detected except in one pair in which a very small amount (0.01 pg/g) of norepinephrine was found. The differences between the epinephrine contents of the normal heart and those of these two groups of ventricles were not statistically significant.
Catecholamine contents of other organs, the liver, spleen, brain, skeletal muscle, sympathetic chain, and adrenal of the bull frog, were also estimated.
As shown in Table 3 , norepinephrine in reliably significant quantities appeared only in brain, sympathetic chain, and adrenal gland tissue. The adrenal is especially interesting because in remarkable contrast with the same organ of warm-blooded animals, the greater part of catecholamine was norepinephrine and the ratio of the amount of epinephrine to that of norepinephrine was about I : 2. The reverse has been found with the catecholamine composition of the adrenal of warm-blooded animals. This reversal of the ratio of these catecholamines in the frog adrenal is considered, in connection with the predominance of epinephrine in the other organs, an interesting problem requiring further study. Analyses have also been made of the catecholamine content of organs in the snapping turtle (C. serjuxtina). Table 4 presents these data. It will be apparent that in this species a situation very different from that in the bullfrog prevails. Figure 5 , A and B, presents the emission spectra of a turtle heart eluate, in which it is apparent that the predominant catecholamine is norepinephrine in contrast to the situation found with eluates from bullfrog hearts.
DISCUSSION
In all warm-blooded animals the predominant catecholamine in most organs and tissues is norepinephrine, and epinephrine is always a small fraction of the total catecholamine content.
On the contrary, the main catecholamine found in the frog heart was epinephrine, and the amount of norepinephrine was nil or a trace. This finding is essentially consistent with the observa- that, opposite to the case in warmblooded animals and in the turtle, the main catecholamine in frog's organs (except the adrenal, brain, and sympathetic chain) is epinephrine. This conclusion might suggest the existence of a biosynthetic pathway of catecholamine in the frog different from that in warmblooded animals.
As noted above, no investigation has hitherto been carried out on the nature of the sympathetic transmitter of the frog except the classical work of Loewi (8) in which he reported that the cardiac fluid contents in the frog heart during several repeated cardiac sympathetic stimulations showed a green fluorescence which was comparable to that shown by epinephrine solution. He did not mention anything concerning the existence of norepinephrine in the liquid. Separate quantitations of these two substances were impossible by the method he used. As far as this problem is concerned, the present work seems to be the first which demonstrates that the sympathetic stimulation releases epinephrine from the frog heart with at most traces of norepinephrine.
The same finding was obtained with four perfusion experiments with the frog liver. The perfusate flowing from the hepatic vein before and during the splanchnic nerve stimulation was collected in two separate containers, and was processed and assayed in the same manner as the perfusate of the heart. A small but significant amount of epinephrine was found in the perfusate obtained during the stimulation.
No norepinephrine was detected in the perfusate.
The idea that the sympathetic postganglionic transmitter in warm-blooded animals is norepinephrine has been developed on the basis of the following facts (I 5). I) Norepinephrine is the predominant catecholamine in most organs and tissues which have sympathetic nervation.
2)
Chronic sympathectomy of organs produces a sharp decrease in their norepinephrine contents, whereas the decrease in epinephrine brought about by the procedure does not seem to be so clear. Von Euler also gave weight to the report of &tlund (I I) that the spleen which has abunda.nt sympathetic supply contains more norepinephrine than epinephrine. The present result, however, indicates that the spleen of the bullfrog contains mainly epinephrine. This difference in results cannot be due to a difference in the species of the frog used, because Auton and Sayre ( I ) also reported a predominance of epinephrine in the spleen of R. temporaria, which was used by ostlund. At any rate, it seems clear that epinephrine plays the most important role in the final action of the sympathetic system in the frog, and that epinephrine may well be the sympathetic transmitter in this species.
The effect of chronic sympathectomy on the catecholamine contents of the heart was also studied. A simple operative method was devised which enables one to cut vagosympathetic trunks of the frog anesthetized with ether practically without bleeding. Vagosympathectomized frogs kept at a cold temperature (o-4 C) did not show any decrease in the catecholamine contents of their hearts even after 8 weeks or more. Those kept at room temperature, on the other hand, did not survive more than 4 days. Autopsy revealed an extremely dilated gastrointestinal tract with enormous gas retention.
This could not be due to an infection because control frogs which were treated in the same 
